Comparison of the distribution patterns of COG-assigned genes between metagenomic DNA and three conditions of mRNAs (MFC, SP, and OC). The letters of COG groups are described below the figure. The genes not assignable to any COGs are not shown in this figure.
Step a "All contigs" is step VII-a, and "Contigs (>500bp)" is step VII-b in Table S1 . "ORFs" are called from step VII-b.
b CLC read mapping program devided reads into groups based upon if the reads mapped to contigs uniquely or non-specifically.
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SUPPLEMENTARY DISCUSSION
Development of dynamic metatranscriptomic approach
Metatranscriptomic and metagenomic analyses have enabled researchers to begin assessing microbial function as well as composition even if the microbes have not been isolated or cultivated. However, assigning function to a specific taxa, and exclusively identifying functional pathway responses to environmental stimuli within a community remains challenging. Three key issues must be addressed including: i) poor data quality mainly due to the existence of large amounts of unused mRNA reads, ii) poor data reliability due to the lack of validation steps such as qPCR, and iii) complex gene expression trends that do not yield specific pathway information related to environmental stimuli.
Poor data quality with regard to gene expression analyses (issue i) can be ascribed to the under utilization of mRNA reads. To-date, three analytical methods have been reported for metatranscriptomic data sets: a) mRNA sequencing and subsequent read mapping to public reference genomes such as NCBI-nr, NCBI RefSeq Protein database, KEGG, SEED, or assembled protein sequences taken from the GOS database 14-16,34-37, 45, 46 ; b) mRNA sequencing and subsequent de novo assembly or CD-HIT clustering and annotation to determine taxonomy and function [47] [48] [49] ; and c) DNA sequencing with metagenomic assembly, annotation of the taxonomy and function 34, 50 , and subsequent mRNA sequencing with read mapping to the metagenomic contigs/ORFs 31-34 . Here we applied the third analytical method involving the analysis of both DNA and mRNA sequences from the same community, and followed by an in silico analyses of metagenomic assembly and read mapping of mRNA to the assembled contigs (Fig. 2) . This procedure allowed us to analyze the strain-level gene expression associated with the dominant strains, and to discover new gene targets (functionally unknown but drastically changed genes) which might relate to key proteins for community function.
As a result, we found that approximately 40% of our mRNA sequence reads were mapped to the metagenomic ORFs, 50% of reads were mapped to metagenomic contigs with length >500 bp, and 60% of mRNA reads were mapped to all metagenomic contigs, irrespective of contig length (Supplementary Table S2 ). When the mRNA reads were mapped to all metagenomic contigs with a less stringent length cut-off value of 0.5, the number of mapped reads to contigs increased to approximately 65% (data not shown), suggesting some unused reads were not mapped because of poor metagenomic contig assembly.
Regardless of cut-off value or contig size, the ratio of used mRNA reads for quantitative gene expression profiling in this study is much higher than what has been reported in recent metatranscriptomics analyses (generally ranging from 0.5% to 40%) 15, 16, [32] [33] [34] [35] [36] [37] . This high percentage of mapped mRNA reads indicates that our metatranscriptomic analysis was quantitative and highly representative of overall gene expression profiles within the microbial community. These findings are likely a result of our sophisticated experimental design and the inherent ability to use a static genetic template for mRNA read mapping (Fig. 2) .
Roughly 35% of our mRNA reads still remained unmapped to the metagenomic contigs and unused in the metatranscriptomic analyses. We submit that the unused mRNA reads were either contaminating 23S rRNA that were not removed during our initial filter due to inadequate information in the LSU rRNA reference sequence database, and/or these reads were mRNA from low-abundance microbial populations in the community. Based on 16S rRNA clone analysis, 131 bacterial clones, within a total of 259 clones, were categorized as low-abundance phylotypes that occupied less than 1% of the community (data not shown). These data further suggest that the low-abundance populations were difficult to assemble into metagenomic contigs and also challenging for mRNA read mapping.
To address the validation and reliability issues associated with metatranscriptomic data (issue ii) we performed quantitative PCR (qPCR) for six key metabolic genes that were found to be associated with the dominant bin-genomes DB1, DF1, and MS1; and one significantly changed hypothetical gene from DB1 (Supplementary Table S8 ). This analysis demonstrated consistency between our qPCR (copies per ng DNA or pg RNA) and metagenomic/ metatranscriptomic results (RPKM), which were validated by high correlation coefficients. Correlation coefficients of R 2 = 0.94 and R 2 = 0.88 were found for metagenomic and metatranscriptomic data, respectively (Fig. 7) . These validation efforts have been lacking in previous metatranscriptomic research efforts 15, 16, [32] [33] [34] [35] [36] [37] . The conventional approaches used to evaluate community responses to a given environmental change have inherent challenges as described in the main text. To overcome the issue of metatranscriptomic data complexity relative to discerning specific pathways (issue iii), we developed a method to induce gene transcription by applying a strong selective pressure acting on extracellular electron transfer (see Fig. 1 ). In our experimental approach, the stimuli were applied to the same microbial population (no genetic drift, see Supplementary Fig. S1 ) and gene expression profiles corresponding to each conditional change were compared (see Fig. 4-6 ). This dynamic metatranscriptomic method significantly improved in silico data analyses and enabled the identification of the central genes relating to extracellular electron transfer via comparative gene expression profiles within a complex microbial community as discussed in the main text.
Identifying the EET pathway(s) from dynamic metatranscriptomics
Desulfobulbaceae strain DB1 showed the most rapid gene expression changes within our electrogenic microbial community as identified from the dynamic metatranscriptomics experiment conducted by electrode potential changes (Fig. 3) . The mRNA-RPKM dynamics of the entire DB1 bin-genome showed a 2.4-fold up-regulation (1.6-fold up-regulation if rank in the top and bottom 5% of all CDSs were omitted) from condition MFC to condition SP, while a 0.6-fold down-regulation (0.8-fold down-regulation if rank in the top and bottom 5% of all CDSs were omitted) was observed from condition SP to condition OC (Supplementary Table S7 ). This indicates that the genes and gene families that showed significantly changed gene expression levels between conditions, relative to the expression change of all genes associated with the strain, were key genes associated with EET reactions for strain DB1.
The most significant expression changes were found for gene clusters including contig_301860, position 2453-5506, and contig_63633, position 20700-23863. These gene clusters were observed to have up-regulated expression changes over 100-fold when the reactor conditions was changed to SP; and below 0.6-fold down-regulation when the reactor was subsequently changed to condition OC (Supplementary Data 1) . These results indicate that the gene clusters noted above have specific transcriptional regulation systems to enable quick responses to changes of redox potential and EET rates. In addition to analyzing the protein function of those eight genes with no annotated protein function, their transcriptional regulators may also be a future target for addressing how electrogenic microbes adapt to redox potential changes.
Within the four major anaerobic respiration processes (nitrate reduction, iron reduction, sulfate reduction, and methanogenesis), the gene expression profiles (Fig. 6 ) indicated that strain DB1 performed dissimilatory sulfate reduction by way of the dsr/apr gene cassettes; and solid metal reduction through the use of c-type cytochromes. Although the dissimilatory sulfate reduction is a well-known metabolic function within family Desulfobulbaceae 51 , the solid metal reduction has reported in Desulfobulbus propionicus 52 ( Supplementary Fig. S4 ). Recently, filamentous Desulfobulbaceae strains has also been identified as an important group for EETrelated activity in marine sediments, which couples spatially separate biogeochemical processes via EET reactions 38 The EET mechanism for solid metal reduction has been analyzed using model Deltaproteobacteria strains including Geobacter sulfurreducens 1,2 . Studies with G. sulfurreducens have shown that after electron donors are oxidized, the electrons accumulating in the inner membrane quinone pool must be transferred out of the cell to an extracellular electron acceptor such as Fe(III)oxide or anode electrodes 1 . This process requires periplasmic and outermembrane c-type cytochromes, which have been described for G. sulfurreducens during Fe(III)-or electrode-reduction. These c-type cytochromes include: PpcA 53 29 . Interestingly, although the Desulfobulbaceae strain DB1 is not phylogenetically associated to family Geobacteraceae (supplementary Fig. S5 ), our metagenomic and metatranscriptomic data indicate that this strain has homologous multi-heme outer-membrane ctype cytochromes, which are essential for EET reactions in Geobacteraceae strains (data not shown). Specifically, four c-type cytochrome families present in strain DB1 demonstrated significant gene expression changes relative to electrode potential changes (Fig. 6) . Two uncharacterized c-type cytochrome families (Families 1674 and 8012) were highly responsive to the condition changes, while two known c-type cytochrome families (OmcX and OmcS) were only slightly responsive in gene expression relative to the whole microbial gene expression profile of strain DB1. These results suggest that the strain DB1 played a key role in driving efficient EET reactions to the anode electrode within the electrogenic microbial community using outer-membrane c-type cytochromes.
Overall, our dynamic metatranscriptomic analyses revealed that one dominant Desulfobulbaceae strain, described by bin-genome DB1, played a central role in facilitating EET reactions within the diverse microbial community. Family Desulfobulbaceae has primarily been described by isolates that have been characterized as dissimilatory sulfate reducers 51 ; however, our data suggest that strain DB1 enabled EET reactions to the electrode surface and facilitated direct electrode-reduction. The key DB1 genes associated with this EET process were predicted from the dynamic metatranscriptomic data sets and found to be outer-membrane c-type cytochromes, and also two uncharacterized (hypothetical) genes clusters. Both the taxon Desulfobulbaceae and its EET-related genes are a novel finding relative to EET-related microbial consortia 11, 59 and potentially environmental EET reactions.
Taxon Desulfuromonadales (DMs) also included dynamically responsive microbial strains within our microbial community, which was identified through our dynamicmetatranscriptomic data set (Fig. 4) . The responsive gene sets in the taxon DMs revealed glutamate dehydrogenases (K00262) and genes encoding ribosomal proteins (Supplementary Data 1). The gene family-associated analyses showed that DMs strains demonstrated relatively high gene expression levels related to the TCA cycle as compared to the whole microbial community (Fig. 6A) . These data suggest that DMs used the TCA cycle to make NADH to sustain life in the anode-associated community. However, GltA (citrate synthase), one of the key enzymes in central metabolism that controls flux into the TCA cycle 60 , was strongly downregulated under condition SP, indicating that high current (high EET rate) conditions inhibited the TCA cycle for DMs.
Interestingly, two c-type cytochrome families (Families 1467 and 1674), which have not been reported as key EET pathways in G. sulfurreducens, rapidly responded to the both condition changes, even though other important gene families related to energy metabolism were only up-regulated during condition SP (Fig. 6B) . These results suggest that the two previously uncharacterized c-type cytochrome families may be key proteins for efficient EET in taxon DMs, and also new targets to address relative to understanding the central EET mechanisms in microbial communities.
Supplementary Methods
MFC configuration and long-term operating condition
A single-chamber, air-cathode microbial fuel cell (MFC) was used for municipal sewage wastewater treatment with power generation as described previously 18 . The MFC was a bottletype reactor (350 ml in capacity), with two joined anode electrodes made of carbon cloth (7 cm × 3 cm, or 84 cm 2 total projected surface area per reactor; TMIL, Japan) 61 . The air-cathode was made with a 30 wt% wet-proofed carbon cloth (type B-1B, E-TEK) coated with platinum (0.5 mg/cm 2 ), Nafion, and PTFE as described elsewhere 62 . The air-cathode was placed at the side port, providing a total projected cathode surface area (one side) of 4.9 cm
2 . An Ag/AgCl reference electrode (+200 mV vs SHE, RE-5B, BASi) was placed in the side port of the MFC for potentiostatic operation.
After sterilization of the fully assembled MFC, the chamber was filled with municipal wastewater collected from the primary clarifier at the North City Water Reclamation Plant (San Diego, USA) without any pretreatment except the mechanical removal of grit, rags and scum. The sole inoculum source consisted of those microorganisms present in the primary clarifier effluents. The MFC was gently mixed with a magnetic stirrer, and incubated at room temperature (22°C ± 3°C) throughout the duration of testing.
The anode and cathode electrodes were connected with an external resistor of 750 Ω. Cell voltages across the resistor were recorded every 30 min using a voltage recorder (GL200A, Graphtec) and the corresponding electric current was calculated using Ohm's law (V = IR). When the electric current decreased due to depletion of the organic matter in the wastewater, the anode solution was fully discarded and the reactor was refilled with either the fresh wastewater collected that day, or with aged wastewater stored at 4°C. Each wastewater sample introduced to the reactor included the naturally occurring microorganisms and various chemical compounds, no filtration or additional pretreatment was conducted. This repeat-batch process occurred for 836 days. The microbial community composition dynamics during the initial 300 days of operation have been reported elsewhere 18 . However, no significant changes to community taxonomy were observed during the subsequent 500 day operation, given that a thick constant biofilm was constructed on the anode electrode (data not shown). During the 836th day of operation, various anode biofilm samplings were conducted for DNA extraction (to analyze the microbial community), SEM observations, and biomass determinations 18 . After these steps, the initial anode size for the present study was 48 cm 2 .
DNA and RNA extraction and separation
Several chemical and mechanical cell disrupting methods were examined for effectively extracting total nucleotide from anode biofilms, and a modified MObio PowerBiofilm RNA Isolation Kit was selected to achieve the highest yield of total nucleotide. The standard MObio RNA extraction method was followed with modifications described here. First, the collected anode was cut into small pieces (approximately 1 cm 2 ) in liquid nitrogen and each piece of anode was directly added to the power beads containing Solution BFR1/β-mercaptoethanol. After inhibitor removal steps, we skipped the DNA removal process and moved to the washing step. Total nucleotide was eluted in nuclease free water.
Extracted total nucleotide was separated using the AllPrep DNA/RNA Mini Kit (Qiagen). Prepared DNA was used for library construction for Illumina and 454 sequencing, 16S rRNA clone library analysis, and quantitative PCR. Total RNA was treated with Turbo DNA free (Ambion) to completely remove contaminating DNA and then precipitated with ethanol. Quality and quantity of DNA and RNA were examined by a nanodrop ND-1000 spectrophotometer and gel electrophoresis. The quality of total RNA was evaluated using an Agilent 2100 Bioanalyzer with RNA 6000 Pico reagents and RNA Pico Chips (Agilent Technologies) according to the manufacture's instruction. We confirmed that the RNA integrity number as determined by the Bioanalyzer measurement was greater than 7. No experimental rRNA removal or mRNA amplification steps were employed in order to avoid introducing biases to our quantitative metatranscriptomic analyses. We computationally subtracted rRNA from total RNA sequences as described below.
cDNA synthesis, library construction, and sequencing
Total RNA was randomly fragmented using heat and divalent cation buffer to approximately 200-300 nt in length. RNA fragments served as a template for the first strand of cDNA using random primers and reverse transcriptase. The second strand of cDNA was synthesized by DNA Polymerase I and RNase H. The resulting double stranded cDNA fragments were end-repaired and an A-base was added on the 3'-ends followed by ligation of adapters. The cDNA fragments were PCR amplified and the final cDNA library was quantified by qPCR and submitted for cluster generation and sequencing.
Paired-end and fragment libraries for DNA and cDNA were prepared following Illumina's protocol, with a few exceptions. DNA was sheared using the Covaris S2 or E210 System, all clean-up steps were done using Agencourt AMPure XP beads, and the libraries were quantified and quality controlled using the Agilent High Sensitivity DNA Kit and by qPCR using KAPA Biosystems Library Quantification Kit, resulting in fragment insert sizes of approximately 321 nt. Cluster generation and sequencing were conducted by Genome Analyzer IIx (Illumina, GAIIx) employing the 101 bp option. Both fragment and paired-end sequencing approaches were conducted by Illumina's standard protocol 39 . Mated-pair library construction (3 kb insertion size), emPCR, enrichment and 454 sequencing on the 454 Titanium FLX (Ti-FLX) platform were performed following the vendor's standard operating procedures with some modifications. Specifically, qPCR was used to accurately estimate the number of molecules needed for emPCR. We also utilized automation (BioMek FX) to "break" the emulsions after emPCR and butanol was added to enable easier sample handling during the breaking process 39 .
Assembly of metagenomic data sets
The de novo assembly of metagenomic sequences was conducted using a multi-step process (Supplementary Table S1 ). First, the GS De Novo Assembler (454 Life Sciences) was used to assemble the 454 Ti-FLX DNA data into contigs. Second, the Illumina GAIIx DNA fragment reads were quality trimmed, and assembled with the Velvet assembler 63 using four different kmer sizes (33, 43, 53, and 79). Third, the contigs from the GS De Novo Assembler and the Velvet assembler were merged at Los Alamos National Laboratory (LANL) using their method for metagenomic assemblies 64 . Briefly, this method includes removing low coverage (coverage < 3 fold, as reported by assemblers), and short contigs (<250 bp). The remaining contigs were merged using the Newbler assembler for small contigs (<2 kbp), followed by a final merging of all contigs using AMOS Minimus2 (http://sourceforge.net/apps/mediawiki/amos/ index.php?title=Minimus2). Thresholds for merging contigs were limited to overlaps of 60 bases or greater with >98% identity of the overlap.
Following sequencing of the Illumina paired-end DNA library, the Illumina paired-end DNA data was also quality trimmed and assembled with Velvet using the same four kmer sizes as the fragment libraries (i.e., 33, 43, 53, and 79). GS De Novo Assembler (454 Life Sciences) and CLC bio Assembly Cell software (CLC bio) were used to further assemble all contigs from 1) the previously merged LANL assembly, 2) the Velvet assembled contigs from the Illumina libraries, 3) all of the 454 mate-paired reads, 4) the Illumina fragment reads, and 5) the Illumina paired-end reads. The contigs of metagenomic sequence data from this study have been deposited at DDBJ/EMBL/GenBank under the accession AMWB00000000. The version described in this paper is the first version, AMWB01000000.
ORF calling and functional annotation
Contigs produced by de novo assembly were processed with the JCVI prokaryotic metagenomic ORF calling & annotation pipeline described in detail elsewhere 20 . Briefly, after masking out non-coding RNAs, open reading frames encoding putative peptides were identified using a combination of a naïve ORF caller and the MetaGene prokaryotic de novo gene finder 65 . Predicted peptides were searched against a set of databases including JCVI's PANDA peptide database, Pfam 66 , TIGRFAM 67 , and PRIAM 68 . The results of these searches were used to assign putative taxonomies to each peptide (where possible), functions, EC numbers, GO terms and KEGG IDs. When searches against different databases resulted in conflicting taxonomic and/or functional annotations, a hierarchal set of rules based on our experience annotating prokaryotic genomes was used to assign a single annotation to each peptide 20 . For the KEGG orthologous (KO) group assignment 22 , we used the KEGG Automatic Annotation Server (KAAS) 21 with the BBH (bi-directional best hit) method set to 45 as the threshold assignment score. Clusters of orthologous groups (COGs) 40 , converted from the KO assignment, were also used to determine the functional categories of all identified proteins.
Potential c-type cytochrome prediction
Proteins were considered as c-type cytochromes if their sequence contained at least one CXXCH motif for covalent heme binding (where X can be anything except one of [CFHPW] ) 41 . The metagenomic data set contained 2,554 ORFs that had at least one occurrence of the CXXCH motif. Within this set, 839 ORFs contained more than two occurrences of the motif indicating that these may be multiheme c-type cytochromes.
Recently 
Protein-based phylogenetic analysis of the bin-genomes
Many prokaryotic and archaeal phylogenetic studies commonly use 16S rRNA sequences to analyze taxonomic relationships 70, 71 . However, our metagenomic assembly process could not generate sufficient 16S rRNA sequences because of the conserved regions and short raw reads produced by next generation sequencing technologies (data not shown). Protein-encoding gene sequences have also been used to describe phylogenetic relationships between microbes including recA (encoding DNA recombinase) 72 and rpoB (encoding RNA polymerase β-subunit) 73 . Here we evaluated the protein-encoding gene sequences for dsrA 24, 51 , gyrB 25, 26 , and mcrA 27,74 .
The dsrA gene, encoding the dissimilatory sulfite reductase large subunit, has recently been used to investigate the evolutionary history of anaerobic sulfate (sulfite) respiration in Deltaproteobacteria and Clostridia 24,51 . The overall phylogenetic congruence of the dsrA tree with the 16S rRNA gene tree suggests that the dissimilatory sulfite reductase evolved vertically from common ancestral protogenotic genes 24 . We used a dsrA-based phylogenetic tree for analyzing the taxonomic position of ORFs that were assigned to bin-genomes DB1, DB2, and DF1, which may be potential dissimilatory sulfate reducers according to their taxonomic position ( Supplementary Fig. S4B ).
In addition, the gyrB gene has been proposed as one of most suitable phylogenetic marker genes for the identification and classification of bacteria 25, 26 . The gyrB is a single-copy gene present in all bacteria, which encodes the ATPase domain of DNA gyrase, an enzyme essential for DNA replication 75 . The amino acid sequences of GyrB are conserved enough to allow the comparison of taxa that are not closely related 25, 75 . Here we used a gyrB-based phylogenetic tree for analyzing the taxonomic position of ORFs annotated as gyrB, some of which were assigned to bin-genomes ( Supplementary Fig. S5B ).
The mcrA gene, encoding the methyl coenzyme-M reductase, has been proposed as a suitable phylogenetic marker for the identification and classification of methanogenic archaea 27 . This enzyme is thought to be unique to, and ubiquitous in, methanogens 74 , making it a suitable tool for their specific detection. We used a mcrA-based phylogenetic tree for analyzing the taxonomic position of ORFs that were assigned to Methanosarcinaceae bin-genome MS1, which may be a potential methanogen (Supplementary Fig. S6B ).
PCR amplification, cloning and sequencing of 16S rRNA gene fragments
Total DNA for the three operational conditions was extracted from the electrogenic biofilm and used for both bacterial community analysis and archaeal community analysis. PCR amplification of bacterial 16S rRNA gene fragments was performed using Taq DNA polymerase (ExTaq, Takara) with bacterial universal primer U27f (5'-AGAGTTTGATCCTG-GCTCAG-3') and microbial universal primer U1492r (5'-GGTTACCTTGTTACGACTT-3') 76 . PCR amplification of the archaeal 16S rRNA gene fragments was performed using the Taq DNA polymerase with archaeal universal primer A4f (5'-TCCGGTTGATCCTGCCRG-3') 77 and U1492r. The amplification conditions were as follows: an initial step of 94°C for 3 min, 25 cycles consisting of 94°C for 30 sec, 55°C for 30 sec, 72°C for 90 sec, and a final elongation step at 72°C for 10 min. Amplified fragments were ligated into a pGEM-T vector (Promega) and cloned into Escherichia coli JM109 competent cells. PCR-amplified 16S rRNA gene fragments were recovered by PCR using primers M13f and M13r (the primers targeted the pGEM-T vector sequences flanking the insertion), then sequenced by ABI 3730xl sequencers using primer U907r (5'-CCGYCAATTCMTTTRAGTTT-3') 78 . The nucleotide sequences reported in this paper have been deposited in the GSDB, DDBJ, EMBL and NCBI nucleotide sequence databases under accession numbers JX491497 to JX491632.
Phylogenetic analyses based on 16S rRNA sequences
Sequences of partial 16S rRNA genes determined in this study were aligned to each other using CLC genomics work bench version 3.6.5 (CLC bio), and assigned to phylotypes (classified as an operational taxonomic unit, O.T.U., >99% cut-off). A check for chimeric sequences was conducted using the JCVI 16S/18S small sub-unit analysis pipeline 39 . Database searches for related 16S rRNA gene sequences were conducted using the BLAST program 79 . The taxonomic classification of each phylotype was conducted using Ribosomal Database Project (RDP version 10) 80 . Results from the 16S rRNA clone library analyses of the three microbial communities (MFC, SP, and OC) for domain Bacteria (Supplementary Fig. S2B ) and domain Archaea (Supplementary Fig. S2C ) were summarized by phylum-level phylogenetic affiliation of the phylotypes. For the bacterial composition, phylum Proteobacteria was divided to class-level taxa, while the class Deltaproteobacteria was divided to order-or family-level taxa. Phylum Euryarchaeota was divided to family Methanosarcinaceae for the archaeal microbial composition.
Phylogenetic trees showing dominant phylotypes ( Supplementary Fig. S4A , S5A, and S6A) were created using the neighbor-joining algorithms in the CLC Genomics Workbench version 5.0 (CLCbio) in order to compare the 16S rRNA-based phylotypes to abundant contigs within the metagenomic sequencing. Bootstrap re-sampling analysis for 100 replicates of the neighbor-joining data was performed to estimate the confidence of tree topologies.
Quantitative PCR of seven target genes
All PCR primers used for real-time PCR were designed by Primer 3 and synthesized at Integrated DNA Technologies. Target genes and respective primer sets are shown in Supplementary Table S8 . cDNA synthesis was conducted from one microgram of the purified total RNA using SuperScript® VILO™ cDNA Synthesis Kit (Invitrogen). Conventional realtime PCR was performed using Applied Biosystems 7900HT (Applied Biosystems) and Fast SYBR® Green Master Mix (Applied Biosystems) according to the manufacture's instruction. After an initial denaturation at 95°C for 20 sec, target DNA or cDNA was amplified in 40 cycles. Each cycle consisted of denaturation for 1 s at 95°C, annealing for 20 sec at 60°C, and extension for 20 sec at 72°C. PCR amplicons were assessed by a dissociation curve analysis to check if amplification was successful. The quantitative endpoint for real-time PCR is the threshold cycle (C T ) defined as the PCR cycle at which the fluorescent signal crosses an arbitrarily placed threshold. At least two separate trials were conducted for each sample. Standard curves were generated with serially diluted PCR products (10 3 -10 7 copies per mL) amplified using the respective primer sets described in Supplementary Table S8 . The copy number of DNA, and mRNA in cDNA was calculated by C T value using the standard curve.
